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Pharmaceutical compounds of Pharmaceutical compounds of 
concern in potable reuse systemsconcern in potable reuse systems

Polar and nonvolatile xenobiotics, such as:

• Antibiotics

• Antiepileptics

• Blood lipid-lowering agents

• Diagnostic contrast media

§ Iodine containing X-ray contrast media 
(Diatrizoate, Iopromide et al.)



Experimental and analytical approachExperimental and analytical approach

• Field studies at water reuse sites to study fate of bulk 
organics (i.e., total organic carbon – TOC, UV
absorbance)

• Occurrence and fate of trace organics originating from 
PPCPs using GC/MS-screening

• Survey of domestic effluents for triiodinated contrast 
media

• Lab experiments to study behavior of triiodinated
contrast media in engineered systems: 
– advanced wastewater treatment using ozone
– biodegradation studies

• Fate of triiodinated contrast media in the environment



Water reuse field sitesWater reuse field sites



Investigated water reuse field sites

Los Angeles County, CA

City of Mesa, AZ

City of Tucson, AZ

Avra Valley, AZ

City of Riverside, CA

City of Houston, TX
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Tucson Sweetwater Recharge Facility, AZ

Geologic profile

Wetlands and recharge basins



Fate of bulk organics during Fate of bulk organics during 
soilsoil--aquifer treatmentaquifer treatment



Organics removal at Tucson SUSRF, AZOrganics removal at Tucson SUSRF, AZ
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Organics removal at NWWRP Mesa, AZOrganics removal at NWWRP Mesa, AZ
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Occurrence and fate of Occurrence and fate of PPCPsPPCPs



Fate of EDTA
during SAT
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Occurrence of PPCPs based on GC/MS screening

N-butyl-
benzenesulfonamide

Phosphoric acid 
tributyl ester

N-cyclohexyl-2-
pyrrolidone

benzothiazole

Carisoprodol
Mebromate

2-phenoxyethanol

2,4,5-trichlorophenol
o-hydroxybiphenyl

Compound

not detectedidentifiedAntibiotic

not detectedidentifiedSolvent, softener

not detectedidentifiedIntermediate of 
pharmaceutical prod.

not detectedidentifiedAzo-dye

not detectedidentifiedMuscle relaxant drug

not detectedidentifiedPerfume production

not detectedidentifiedDisinfectant

after SAT
(~ 6-12 months)

Reclaimed 
water

Origin



Occurrence of Occurrence of triiodinatedtriiodinated
contrast media in domestic contrast media in domestic 

effluentseffluents



TriiodinatedTriiodinated XX--ray contrast mediaray contrast media
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Occurrence of organic iodine in domestic effluentsOccurrence of organic iodine in domestic effluents
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Advanced wastewater treatment:
Ozonation of spiked effluents
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Fate of organic iodine during Fate of organic iodine during 
groundwater rechargegroundwater recharge



Biodegradability studies under 
various redox conditions
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Fate of organic iodine compoundsFate of organic iodine compounds
during aerobic SATduring aerobic SAT
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Fate of organic iodine compoundsFate of organic iodine compounds
during anoxic SAT (1997)during anoxic SAT (1997)
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Fate of organic iodine compoundsFate of organic iodine compounds
during anoxic SAT (2000)during anoxic SAT (2000)
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Fate of organic iodine compoundsFate of organic iodine compounds
during advanced wastewater treatmentduring advanced wastewater treatment
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Addressing potential Addressing potential 
human health effectshuman health effects



Fluorescent ligand =  labeled estrogenic compound
Non-labeled ligand =  β-estradiol
λ excitation =  360 nm
λ emit = 530 nm
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Endocrine disruption assay using bulk water samplesEndocrine disruption assay using bulk water samples
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Receptor binding assay using C-18 eluents
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Conclusions
• Selected PPCPs were identified in reclaimed water only. 

During SAT, only organic iodine compounds persist

• Organic iodine compounds from contrast media can 
accumulate in the environment

• Negligible removal during wastewater treatment
– AOI concentrations in US effluents 10-40 µg/L
– AOI concentrations in German effluents 20-110 µg/L

• Only partly removal during groundwater recharge, 
remaining AOI concentration after long-term soil-aquifer 
treatment  10–15 µg/L

• Toxicological effects of remaining metabolites are 
unknown



Any

questions?


